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Abstract
The objective of the present study was to estimate genetic parameters for test-day milk, fat and protein yields and
305-day-yields in Murrah buffaloes. 4,757 complete lactations of Murrah buffaloes were analyzed. Co-variance com-
ponents were estimated by the restricted maximum likelihood method. The models included additive direct genetic
and permanent environmental effects as random effects, and the fixed effects of contemporary group, milking num-
ber and age of the cow at calving as linear and quadratic covariables. Contemporary groups were defined by
herd-year-month of test for test-day yields and by herd-year-season of calving for 305-day yields. The heritability es-
timates obtained by two-trait analysis ranged from 0.15 to 0.24 for milk, 0.16 to 0.23 for protein and 0.13 to 0.22 for
fat, yields. Genetic and phenotypic correlations were all positive. The observed population additive genetic variation
indicated that selection might be an effective tool in changing population means in milk, fat and protein yields.
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Milk, fat and protein yields are constantly monitored
traitsinherdsintegratingmilktestprograms.Test-daymilk
yield (TDM), defined as the total yield of a cow over a pe-
riod of 24 h, replaces milk yield at 305 days of lactation
(M305), as calculated by using formulas and extension fac-
tors (Tonhati et al. 2004). In addition, the application of
TDMtothegeneticevaluationofanimalsenablesquantify-
ing specific factors on each test-day that vary not only from
animaltoanimalbutalsobetweenthetest-daysthemselves.
It permits more reliable heritability estimates and a more
accurate selection of the best individuals for future use in
reproduction.
Several investigators have emphasized that environ-
mental effects affecting certain test-days or lactation
phases,suchasmanagementgroup,test-date,milkingnum-
ber, the herd itself, shape of the lactation curve, number of
lactation days, preferential treatment of certain groups of
cows and the specific effects of each cow on the test-day,
whichsofarhavebeenignoredintraditionalmodels,canbe
adjusted by test-day models (Meyer et al., 1989; Ptak and
Schaeffer, 1993; Jamrozik and Schaeffer, 1997). Some of
the advantages of test-day models (TDM) include the abil-
ity to account for the environmental effects of each test-
day, the ability to model the trajectory of the lactation for
individual genotype or groups of animals, and the possibil-
ity of genetic evaluation with a view to production persis-
tency. (Jensen, 2001).
However, in order to choose which criteria should be
adopted for genetic evaluation, accurate estimates of ge-
netic variability and genetic correlation with P305 are im-
portant. Studies of Holstein and Gyr cattle and Murrah
buffaloes have shown that genetic correlations between
TDM and P305 are higher during the mid-lactation period
when compared to the beginning and end of lactation (Le-
dic et al., 2002; Ferreira et al., 2003 and Hurtado-Lugo et
al., 2006).
There are little data on genetic parameters of milk
yield and components during lactation in dairy buffaloes.
Thus, the objective of the present study was to evaluate the
possible application of TDM and its components in genetic
evaluation of buffaloes, in the place of the traditional P305
model.
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Short CommunicationIn the present study, 4,757 complete lactations of
Murrah buffaloes, aged from 2 to 15 years, the daughters of
187 sires, and with calving records of the period 1985 to
2005, were analyzed. The animals belonged to 13 herds
participating in the Buffalo Milk Test Program of the Ani-
mal Science Department of FCAV/UNESP, Jaboticabal,
SP, Brazil.
Lactation recording was begun from the fifth day of
lactation and truncated at the 305
th. The first test was car-
ried out up to 45 days after calving. Contemporary groups
were defined according to herd-year-month of test, and
consisted of 168 classes, with each group comprising at
least four animals. A pedigree file containing 11,760 ani-
mals was used for all analyses.
(Co)variance components were estimated for milk,
fat and protein yields, by finite dimensional test-day
models dividing the lactation period into 9 time points (9
test days) as distinct traits, and using single- and two-
trait analyses. (Co)variance components were estimated
by the restricted maximum likelihood (REML) method
using the MTDFREML statistical package (Boldman et
al., 1995).
The animal model can be represented as:
y = Xß+Za + Wp + e,
where: y is the vector of observations (milk, fat and protein
yield), and X, Z and W are incidence matrices relating y to
ß, a and p, the vectors of fixed effects (contemporary group
and the cow’s age as linear and quadratic effects) and addi-
tive genetic and permanent environmental random effects,
respectively, and e is the vector of residual effects. This














































































































2 are additive genetic, permanent environ-
mental and residual variances for trait i (i = 1, 2), respec-
tively, and 	aa 12, 	pp 12and 	ee 12 are additive genetic, per-
manent environmental and residual covariances between
traits 1 and 2, respectively.
Expected genetic gain and correlated response to se-
lection were obtained using estimates of heritability (h
2),
genetic correlations and phenotypic standard deviations.
Selection of the best 5% males was examined, correspond-
ing to a selection intensity factor of 2.06 (Lush, 1964). Fe-
males were randomly replaced in the herd, with selection
intensity equal to zero. Thus, the mean selection intensity
factor for all traits was 1.03. Expected direct and correlated
responses to selection and the relative response efficiency
were calculated by the usual selection index formulas, con-
sidering a progeny test with number of daughters per sire
varying from 5 to 100.
Test-day milk-yield means revealed a typical lacta-
tion curve for Murrah buffaloes, starting with 8.12 kg and
followed by a short increase until reaching the peak on the
second test-day (8.61 kg), with a subsequent decrease until
the end of lactation (Table 1). The P305 mean observed in
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Table1-Numberofobservations(N),observedmeans(kg),standarddeviation(SD,kg)andcoefficientsofvariation(CV)formonthlytest-daymilk,fat
and protein yields (TDM1 to TDM9) and cumulative 305-day milk, fat and protein yields (P305) in Murrah buffaloes.
Yield
Milk Fat Protein
Trait N Mean 
 SD CV% N Mean 
 SD CV% N Mean 
 SD CV%
TDM1 6153 8.12 
 3.14 36.49 825 0.44 
 0.16 36.49 821 0.32 
 0.11 33.90
TDM2 6175 8.61 
 3.17 34.95 936 0.47 
 0.16 33.23 936 0.32 
 0.10 31.27
TDM3 6032 8.30 
 3.10 35.49 885 0.46 
 0.15 33.34 885 0.30 
 0.10 32.94
TDM4 5862 7.74 
 2.92 35.88 888 0.46 
 0.17 36.10 887 0.29 
 0.10 36.54
TDM5 5580 7.17 
 2.72 36.65 885 0.44 
 0.15 34.04 885 0.27 
 0.10 36.61
TDM6 5211 6.56 
 2.55 37.50 784 0.42 
 0.16 36.32 784 0.25 
 0.11 43.91
TDM7 4816 5.94 
 2.30 37.91 710 0.39 
 0.14 36.62 709 0.23 
 0.09 39.91
TDM8 4075 5.43 
 2.17 39.25 593 0.40 
 0.15 37.76 593 0.23 
 0.09 40.12
TDM9 3710 4.76 
 1.96 39.83 502 0.39 
 0.15 37.95 502 0.22 
 0.09 40.87
P305 4757 1,813 
 697 38.37 525 118.3 
 29.5 37.02 597 81.6 
 17.7 39.18this study (1,813.5 
 697.40 kg) was higher than that ob-
tained by Tonhati et al. (2000a, b) and Ramos et al. (2006)
of 1,259.47 kg, 1,496.00 kg and 1,650 
 687 kg, respec-
tively. However, ours is similar to those reported by Ma-
lhadoetal.(2007),1,863.5
677kg,forthisbreedinBrazil
and Shabade et al. (1993) for Murrah buffaloes in India
(1,892.21 kg).
In fat and protein yield curves, the trend was similar
tothatobservedformonthlymilkyields,withhighermeans
in early lactation, thereby suggesting a positive association
between milk and its constituents. These trends are similar
to those reported in the literature (Swalve, 1995) for milk,
fat and protein yields in Holstein cows. Cumulative
305-day fat and protein yields were lower than those re-
ported by Rosati and Van Vleck (2002), 196.9 
 45.6 kg
and 104.7 
 21.7 kg, respectively, for Mediterranean buffa-
loes in Italy.
Additive genetic, permanent environmental and
phenotypic variances estimates for test-day milk (TDM),
fat (TDF) and protein yield (TDP) and cumulative 305-day
milk (M305), fat (F305) and protein yields (PR305) ob-
tained by two-trait analysis are shown in Table 2. Genetic
variance estimates for TDM increased from the first
(1.06 kg
2) to the third (1.32 kg
2) month, declining thereon
until the end of lactation (0.52 kg
2). The highest estimates
were obtained for the third and fourth months of lactation.
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Table2-Estimatesofadditivegenetic( 	a
2),permanentenvironmental( 	ap




correlations (rg), for milk, fat and protein yields obtained by two-trait analysis.
 	a
2  	ap
2  	 p
2 rg  h
2
Milk
TDM1 1.06 1.24 5.49 0.99 0.19
TDM2 1.13 1.79 5.70 0.89 0.20
TDM3 1.32 1.66 5.59 0.91 0.24
TDM4 1.23 1.48 5.24 0.97 0.23
TDM5 1.10 1.50 4.89 1.00 0.22
TDM6 0.92 1.29 4.39 0.99 0.21
TDM7 0.61 1.29 3.84 0.98 0.16
TDM8 0.57 1.16 3.86 0.94 0.15
TDM9 0.52 1.26 3.49 0.95 0.15
M305 78681.16 122543.63 299971.54 0.26
Fat
TDF1* 3.02 2.32 16.34 0.82 0.19
TDF2* 3.21 2.43 16.44 0.88 0.20
TDF3* 3.71 2.30 17.34 0.78 0.21
TDF4* 3.98 2.96 18.52 0.80 0.21
TDF5* 4.01 2.93 18.63 0.76 0.21
TDF6* 3.66 1.81 16.04 0.71 0.23
TDF7* 3.01 1.78 13.86 0.74 0.22
TDF8* 2.88 2.04 16.32 0.69 0.20
TDF9* 2.64 2.14 16.44 0.79 0.16
F305 107.48 32.37 507.56 0.21
Protein
TDP1* 1.19 1.70 8.01 0.68 0.15
TDP2* 1.48 2.48 8.90 0.78 0.17
TDP3* 2.09 2.93 10.01 0.82 0.21
TDP4* 2.12 3.02 9.73 0.80 0.22
TDP5* 2.12 3.62 10.21 0.82 0.21
TDP6* 2.03 3.48 10.20 0.76 0.20
TDP7* 1.58 3.43 9.63 0.72 0.16
TDP8* 1.41 3.35 8.88 0.81 0.16
TDP9* 1.21 3.49 9.48 0.77 0.13
Pr305 33.,33 19.14 185.9 0.18
*Variance multiplied by 1000.These results are similar to those reported for buffaloes by
Hurtado-Lugo et al. (2006), who observed higher genetic
additive variance around the fifth month. In general, higher
genetic variance has been estimated around the fourth or
fifth months of lactation for dairy cattle in Brazil (Ferreira
et al., 2003; Rodrigues et al., 2005). Permanent environ-
mental variance was higher around the first half of lacta-
tion. Phenotypic variance estimates showed the same trend
of the additive genetic, increasing from the first to the third
month of lactation with a posterior decrease (Table 3). The
highest estimates of residual variance for milk were ob-
served in the third and fourth months of lactation.
TDM heritability was higher in the third and fourth
monthsoflactationduetohighergeneticandlowerresidual
variance (Table 2). Similar results have been reported by
Jamrozik and Schaeffer (1997), Lidauer and Mäntysaari
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Table 3 - Expected direct response to selection for 305-days milk (M305), fat (F305) and protein (Pr305) yields, and respective correlated responses and
relative selection efficiency selecting for test-day yields (milk, fat and protein).
Correlated response (kg) Relative selection efficiency (%)
Trait Number of daughters by sire Number of daughters by sire




) 142.46 213.93 247.19 262.27 100 100 100 100
TDM1 124.06 196.23 234.61 253.45 87.08 91.73 94.91 96.64
TDM2 113.95 178.78 212.51 228.85 79.99 83.57 85.97 87.26
TDM3 125.55 191.14 222.74 237.34 88.13 89.35 90.11 90.49
TDM4 131.55 201.71 236.12 252.20 92.34 94.29 95.52 96.16
TDM5 133.18 205.72 241.99 259.12 93.48 96.17 97.90 98.80
TDM6 129.34 201.34 238.04 255.59 90.79 94.11 96.30 97.45
TDM7 114.14 185.33 225.96 246.86 80.12 86.63 91.41 94.12
TDM8 106.47 174.49 214.34 235.21 74.74 81.57 86.71 89.68
TDM9 107.60 176.35 216.62 237.71 75.53 82.43 87.63 90.64
Fat
F305* 152.70 237.69 281.02 301.74 100 100 100 100
TDF1** 120.10 189.97 227.12 245.35 78.65 79.92 80.82 81.31
TDF2** 131.68 206.60 245.59 264.47 86.24 86.92 87.39 87.65
TDF3** 119.11 185.40 219.20 235.36 78.00 78.00 78.00 78.00
TDF4** 122.16 190.15 224.82 241.39 80.00 80.00 80.00 80.00
TDF5** 116.05 180.65 213.58 229.32 76.00 76.00 76.00 76.00
TDF6** 112.54 172.56 202.00 215.76 73.70 72.60 71.88 71.50
TDF7** 115.18 177.93 209.29 224.11 75.43 74.86 74.47 74.27
TDF8** 103.25 161.99 192.56 207.37 67.62 68.15 68.52 68.72
TDF9** 107.54 174.61 212.89 232.58 70.43 73.46 75.76 77.08
Protein
Pr305* 79.72 127.16 152.97 165.82 100 100 100 100
TDP1** 50.13 82.16 100.92 110.74 63 65 65.97 66.79
TDP2** 60.69 97.65 118.23 128.64 76.13 76.79 77.29 77.58
TDP3** 69.73 108.54 128.32 137.79 87.47 85.35 83.89 83.09
TDP4** 69.34 107.12 126.00 134.92 86.98 84.24 82.37 81.37
TDP5** 69.73 108.54 128.32 137.79 87.47 85.35 83.89 83.09
TDP6** 63.33 99.36 118.11 127.19 79.44 78.14 77.21 76.71
TDP7** 54.58 88.62 108.05 118.04 68.47 69.69 70.64 71.19
TDP8** 61.40 99.70 121.55 132.80 77.02 78.40 79.47 80.09
TDP9** 53.31 89.11 111.30 123.40 66.87 70.08 72.76 74.42
*Expected direct genetic gain.
**Correlated response multiplied by 10
3.(1999) and Silvestre et al. (2005) in dairy cattle. These au-
thors also suggested that selection for milk yield should be
at the fourth or fifth month of lactation. Selection could be
anticipated by promoting a reduction in the generation in-
terval. In the present study, heritability for milk yield (0.12
to 0.24) was higher than that reported by Hurtado-Lugo et
al.(2006)forMurrahbuffaloesinColombia(0.01to0.20).
For test-day fat yields (TDF), genetic variance in-
creased from the first (3.02 x 10
-3 kg






2). For dairy cattle, Swalve (1995) reported
higher genetic variance at the beginning of lactation, with a
subsequent oscillation throughout lactation. For permanent
environmental variance (Table 2), there was an increase
from the start to the fifth month of lactation, declining
thereafter until the seventh month, thereupon increasing
again during the last two months.
The estimated heritabilities (Table 2) for fat yields
weremoderate,thehighestestimatesbeingobtainedforthe
sixth month of lactation (0.23). Studies with dairy cattle re-
ported the same trend (Gengler et al., 1997; Lidauer and
Mäntysaari, 1999)
For test-day protein yields (TDP), genetic variance,
as a whole, increased from the beginning (1.19 x 10
-3 kg
2)
to the fourth and fifth months (2.12 x 10
-3 kg
2), thereupon
decreasing until the end of lactation (1.21 x 10
-3 kg
2). A
similar trend was reported by Swalve (1995). On the other
hand, Silvestre et al. (2005) observed higher variances at
the beginning of lactation, with a decrease till the fourth
month and an increase thereafter. In the present study, the
highest estimates of heritability were obtained in the fourth
month of lactation (0.22), similar to that reported by
Swalve (1995) and Lidauer and Mäntysaari (1999). How-
ever, Gengler et al. (1997) and Silvestre et al. (2005) found
higher heritabilities for protein production in the ninth and
seventh months of lactation, respectively.
The estimatives of selection efficiency and the direct
response for accumulated yields (M305, F305 e Pr305), as
well as the correlated response between accumulated and
test-dayyield(TDM,TDFeTDP),arepresentedinTable3.
It is possible to see that the direct responses to accumulated
yields are higher than all the correlated answers in the three
traits analyzed, thereby indicating that the use of accumu-
lated responses as selection criteria could be a more effi-
cient form of obtaining genetic gain.
The highest values for correlated response were ob-
served among the yields in the second and sixth months of
control for the traits analyzed. It is probable that these val-
ues were the outcome of the simultaneously high degree of
heritability, as well as the high genetic correlation with the
accumulated yields. The correlated response, according to
thenumberofdaughterspersire,canalsobeseen.Ascould
be summarized, the greater the number of daughters per
sire, the higher the estimate for correlated response. How-
ever, it is interesting to conceive that in present day dairy
bubaline breeding, and with the small numbers of herds
which compose the milk control program, a sire could take
so long in generating 100 lactating daughters.
To appropriately use these studied traits, it is neces-
sarytoelaborateselectioncriteriabasedonaneconomicin-
dex evaluating the profitability of each trait for the breeder,
and also indicate how selection must be done according to
both the market and production.
The relative efficiency of selection for TDMs is
greater at TDM5 and TDM6, which are the closest to
M305. These results are similar to those described by Hur-
tado-Lugoetal.(2006)forMurrahbuffaloesandFerreiraet
al. (2003) for Holstein cows. However, in Gyr cattle, Ledic
et al., (2002), reported higher relative selection efficiency
for TDM2, TDM3 and TDM4.
The highest correlated responses for 305-day fat
yield,whenusingTDFyieldsasselectioncriteria,wereob-
tained when TDF2 was adopted. In contrast, for 305-day
protein yields, the highest correlated responses were ob-
served on using TDP3, TDP4 and TDP5. Taken as a whole,
the correlated genetic gain was higher for milk than for fat
and protein yields.
Estimates of genetic correlation (Table 4) for TDM
ranged from 0.54 to 1.00, with 64% of the correlations
higher than 0.90, mainly between adjacent records. Melo
(2005) reported estimates ranging from 0.64 to 1.00 in
dairy cattle.
Lower genetic correlations were observed between
TDM1 and the last two test-days, probably due to the low
lactation persistency in buffaloes. All phenotypic correla-
tions were positive, these ranging from 0.21 (between
TDM1 and TDM9) to 0.69 (between TDM4 and TDM5).
Phenotypic correlations gradually decreased with the in-
creasing distance between test-days, reaching 89% lower
than 0.60.
Estimates of genetic correlation ranged from 0.46 to
0.99forTDFandfrom0.47to0.94forTDP.Mostofthees-
timates were high, almost reaching one. In addition, higher
estimates were obtained when test-day yields were closer
together. Lower genetic correlations were observed be-
tween test-day yields during the first half of lactation and
the production of the ninth test-day. A possible explanation
couldbethatlactationinbuffaloestendstobeofshorterdu-
ration and less persistent than in dairy cattle. Gengler et al.
(1997)andSilvestreetal.(2005),onestimatinggeneticpa-
rameters in dairy cows, also observed high genetic correla-
tions between adjacent test-days and low correlations
between those distant.
The phenotypic correlations for TDF were positive
and ranged from 0.36 (between TDF1 and TDF9) to 0.76
(between TDF1 and TDF2), and for TDP the range was
from 0.35 to 0.71. Similar results were reported by Gengler
et al. (1997) and Silvestre et al. (2005) for dairy cattle.
Regarding genetic correlations between different
test-daysformilk,fatandprotein(notshown),lowercorre-
Genetic variability for economic traits in dairy buffaloes 75lations were observed between milk and fat yields and be-
tween fat and protein yields when compared to that
between milk and protein yields. Overall, all the estimates
were positive, thereby inferring desirable association be-
tween milk and its constituents. Similar results were ob-
tained for phenotypic correlations.
In conclusion, the higher estimates for genetic vari-
ance in the first four test-days suggested that these test-day
yields could be used as a selection criterion, reducing the
generation interval. A greater response to selection for cu-
mulative 305-day milk, fat and protein yields might be ob-
tained by direct selection for these traits. The use of milk,
fat and protein yields on any test-day as selection criteria
will result in a correlated response for all other test days, as
well as for 305-day yields. A higher correlated response for
305-dayyieldsmightbeobtainedwhenusingmid-lactation
(3rd to 6th test day) records as selection criteria.
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Table4-Heritability(diagonal),geneticcorrelations(abovethediagonal)
and phenotypic correlations (below the diagonal) estimated by two-trait-
analysis for milk, fat and protein test-day yields.
Milk
123456789
1 0.18 0.96 0.97 0.91 0.86 0.78 0.79 0.66 0.54
2 0.55 0.20 0.98 0.93 0.87 0.89 0.82 0.60 0.84
3 0.51 0.64 0.24 0.94 0.95 0.94 0.90 0.69 0.89
4 0.48 0.59 0.66 0.23 0.91 0.98 0.97 0.85 0.90
Milk 5 0.42 0.53 0.58 0.69 0.22 0.98 0.94 0.95 0.94
6 0.36 0.46 0.51 0.52 0.64 0.19 0.99 0.96 0.94
7 0.26 0.39 0.46 0.48 0.52 0.56 0.15 0.99 1.00
8 0.25 0.30 0.36 0.39 0.43 0.44 0.52 0.13 0.98
9 0.21 0.27 0.29 0.31 0.33 0.34 0.40 0.46 0.13
Fat
1 0.18 0.96 0.86 0.75 0.68 0.55 0.48 0.49 0.46
2 0.76 0.19 0.95 0.86 0.76 0.69 0.63 0.56 0.54
3 0.71 0.71 0.21 0.96 0.89 0.80 0.74 0.67 0.54
4 0.63 0.65 0.68 0.21 0.97 0.89 0.83 0.76 0.65
Fat 5 0.48 0.59 0.62 0.68 0.21 0.96 0.91 0.87 0.81
6 0.52 0.54 0.55 0.61 0.67 0.23 0.99 0.90 0.83
7 0.57 0.48 0.51 0.56 0.62 0.64 0.22 0.96 0.89
8 0.43 0.46 0.48 0.50 0.54 0.59 0.68 0.18 0.93
9 0.36 0.41 0.43 0.46 0.49 0.57 0.61 0.67 0.15
Protein
1 0.16 0.93 0.86 0.78 0.71 0.68 0.59 0.52 0.47
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